The patterns of ANCA staining usually relate closely to antibodies against myeloperoxidase and proteinase-3. C-ANCA is mainly antibodies to proteinase-3 and P-ANCA is antibodies to myeloperoxidase. C-ANCA with antibodies to MPO with clinical sequelae is unusual.
Introduction
Anti-neutrophil cytoplasmic antibodies (ANCA) are autoantibodies directed against antigens in the cytoplasm of neutrophils and are often associated with systemic vasculitis. ANCAs are classified based on their patterns of staining: cytoplasmic (C-ANCA) and perinuclear (P-ANCA). C-ANCA is mainly antibodies to proteinase-3 (PR-3) and P-ANCA is antibodies to myeloperoxidase (MPO). C-ANCA with antibodies to MPO is unusual and is deemed interpretation error during visualisation with immunofluorescence. Therefore, our case of MPO positive C-ANCA (MPO-C-ANCA) associated with necrotising and crescentic glomerulonephritis induces diagnostic and pathogenic dilemmas.
Case report
A 73-year-old Caucasian male smoker was admitted to the hospital with progressive dyspnoea due to multifocal pneumonia superimposed on underlying pulmonary fibrosis. He rapidly developed acute respiratory distress syndrome and was intubated and put on mechanical ventilation. Bronchoscopy revealed diffuse alveolar hemorrhage. He also developed non-oliguric acute kidney injury. Laboratory tests demonstrated urea nitrogen 97 mg/dL, creatinine 2.35 mg/dL (baseline 0.8 mg/dL) and potassium 4.4 meq/L. Urinalysis revealed 288 erythrocytes/high power field (hpf), dysmorphic erythrocytes, 2 white blood cells/hpf, dense, coarse granular casts and 1-2 erythrocyte cast/hpf. C-ANCA was positive but anti-PR-3 antibody was negative (optical density 0.032). Anti-MPO antibody was positive (optical density 111.0; cutoff 0.244). Renal biopsy revealed necrotising and crescentic glomerulonephritis with 50% glomerular involvement with necrosis and crescents (Figure 1(a) ), arterial and arteriolar nephrosclerosis, intratubular casts with densely packed red blood cells (Figure 1 
Discussion
Commercial laboratories perform ANCA screen that is cell-based, indirect immunofluorescence using ethanol-fixed as well as formalin fixed human neutrophils. Results are reported as positive or negative. Positive results are reflexed to titre of the relevant pattern, e.g. C-ANCA to anti-PR3 and P-ANCA to anti-MPO. The anti-MPO and anti-PR-3 antibodies are measured using semi-quantitative multiplex immunoassays with an analytic sensitivity of 0.2 antibody index. Discrepancy in ANCA patterns has raised concerns regarding the basic standards required for ANCA testing, the value of formalin fixation of neutrophils in differentiating P-ANCA from antinuclear antibodies and use of alternative methods such as image analysis and/or multiplex immunoassays. 1 The European Vasculitis Study Group tested for the presence of cytoplasmic pattern/perinuclear pattern and atypical ANCA (A-ANCA) by indirect immunofluorescence and for the presence of PR3-ANCA and MPO-ANCA by different immunoassays and reported a large variability between the immunofluorescence methods tested and a high diagnostic performance of PR3-ANCA and MPO-ANCA by immunoassay to discriminate ANCA-associated vasculitis from disease controls. 2 However, false positive MPO-C-ANCA does occur 3, 4 and the explanations include ANCA directed against other constituents of neutrophil granules, 5 DNA contained within the antigen binding site of anti-DNA antibodies that could bind to the highly cationic MPO used as substrate antigen in immunoassays, resulting in a false-positive MPO test 6 and cross-reaction of MPO-C-ANCA with PR-3, unspecific anti-MPO reaction or that the reactivity of the MPO-C-ANCA positive sera was directed against a contaminant in the MPO preparation. However, these assumptions have previously been disproved by Segelmark et al. 7 who have shown that sera from MPO-C-ANCA patients did not react with PR-3, that the reaction could be inhibited by a small amount of MPO in solution and that the reactivity is against MPO itself. Recently, Simon et al. 8 have reported autoantibodies directed against preformed Pentraxin 3, a class of soluble pattern recognition receptor, that can be found in the neutrophil granules. The fluorescence pattern in their study was remarkable for staining of small cytoplasmic granules that was distinctly different from the classic C-and P-ANCA patterns. The presence of anti-Pentraxin 3 antibodies appear to be limited to a few autoimmune disorders such as lupus and vasculitis. Therefore, the significance of ANCA patterns relative to target antigens may be of renewed interest.
Our patient with MPO-C-ANCA-associated necrotising and crescentic glomerulonephritis was treated per Kidney Disease/Improving Global Outcomes guidelines that recommend that cyclophosphamide and corticosteroids be used as initial treatment and the addition of plasmapheresis for patients with diffuse pulmonary hemorrhage. 9 The patient did not require dialysis and serum creatinine at discharge had improved to 1.58 mg/dL. Treatment with rituximab was considered as it has been shown not to be inferior to daily cyclophosphamide treatment for induction of remission in severe ANCA-associated vasculitis per the Rituximab versus cyclophosphamide in ANCA-associated renal vasculitis (RITUXVAS) and Rituximab versus cyclophosphamide for ANCA-associated vasculitis (RAVE) studies. 10, 11 However, both the studies excluded patients with alveolar hemorrhage severe enough to require mechanical ventilation and serum creatinine level greater than 4.0 mg/dl attributed to renal failure from the current episode of renal disease activity. Our patient with diffuse alveolar hemorrhage was therefore not a candidate for rituximab therapy. Little is known about the prognosis of MPO-C-ANCA-associated necrotising and crescentic glomerulonephritis, but data from a small series (N ¼ 21) report that progression to chronic kidney disease and end stage renal disease may occur despite an initial favorable response to treatment. 12 Our patient died at home, two months after discharge from the hospital. He was not on dialysis.
In conclusion, we present an unusual case of MPO-C-ANCA-associated glomerulonephritis supported by clinical, serological and histological data.
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